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1
APPARATUS AND METHODS FOR KEEPING
IMMERSION FLUID ADJACENT TO AN
OPTICAL ASSEMBLY DURING WAFER
EXCHANGE IN AN IMMERSION
LITHOGRAPHY MACHINE

This is a divisional of U.S. patent application Ser. No.
13/754,111 filed Jan. 30, 2013 (now U.S. Pat. No. 8,743,343),
which in turn is a divisional of U.S. patent application Ser.
No. 13/532,195 filed Jun. 25, 2012 (now U.S. Pat. No. 8,400,
610), which in turn is a divisional of U.S. patent application
Ser. No. 11/976,898 filed Oct. 29, 2007 (now U.S. Pat. No.
8,237,911), which claims the benefit of U.S. Provisional
Application No. 60/918,057 filed Mar. 15, 2007. The disclo-
sure of each of the prior applications is incorporated herein by
reference in its entirety.

BACKGROUND

Lithography systems are commonly used to transfer
images from a reticle onto a semiconductor wafer during
semiconductor processing. A typical lithography system
includes an optical assembly, a reticle stage for holding a
reticle defining a pattern, a wafer stage assembly that posi-
tions a semiconductor wafer, and a measurement system that
precisely monitors the position of the reticle and the wafer.
During operation, an image defined by the reticle is projected
by the optical assembly onto the wafer. The projected image
is typically the size of one or more die on the wafer. After an
exposure, the wafer stage assembly moves the wafer and then
another exposure takes place. This process is repeated until all
the die on the wafer are exposed. The wafer is then removed
and a new wafer is exchanged in its place.

Immersion lithography systems utilize a layer of immer-
sion fluid that completely fills a space between the optical
assembly and the wafer during the exposure of the wafer. The
optic properties of the immersion fluid, along with the optical
assembly, allow the projection of smaller feature sizes than is
currently possible using standard optical lithography. For
example, immersion lithography is currently being consid-
ered for next generation semiconductor technologies includ-
ing those beyond 45 nanometers. Immersion lithography
therefore represents a significant technological breakthrough
that enables the continued use of optical lithography.

After a wafer is exposed, it is removed and exchanged with
a new wafer. As contemplated in some immersion systems,
the immersion fluid would be removed from the space and
then replenished after the wafer is exchanged. More specifi-
cally, when a wafer is to be exchanged, the fluid supply to the
space is turned off; the fluid is removed from the space (i.e.,
by vacuum), the old wafer is removed, a new wafer is aligned
and placed under the optical assembly, and then the space is
re-filled with fresh immersion fluid. Once all of the above
steps are complete, exposure of the new wafer can begin. Ina
tandem (or twin) stage immersion lithography system, a pair
of'wafer stages are provided, with the stages being alternately
positioned under the optical assembly while wafer exchange
and/or alignment is performed on the wafer stage not dis-
posed under the optical assembly. When the exposure of the
watfer under the optical assembly is complete, the two stages
are swapped and the process is repeated. Examples of such
exposure apparatus are disclosed in U.S. Pat. No. 6,341,007
and in U.S. Pat. No. 6,262,796, the disclosures of which are
incorporated herein by reference in their entireties.

Wafer exchange with immersion lithography as described
above continues to be problematic for a number of reasons.
The repeated filling and draining of the space may cause
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bubbles to form within the immersion fluid. Bubbles may
interfere with the projection of the image on the reticle onto
the wafer, thereby reducing yields. The overall process also
involves many steps and is time consuming, which reduces
the overall throughput of the machine.

For examples of systems which reduce the overall through-
put of the machine, see US 2006/0023186 A1 and US 2005/
0036121 A1, the disclosures of which are incorporated herein
by reference in their entireties.

SUMMARY

An apparatus and method for keeping immersion fluid in
the space adjacent to the projection optical system when the
wafer stage and/or the wafer table moves away from the
projection optical system, for example during wafer
exchange and/or during long fast moves, are therefore desir-
able. Furthermore, an apparatus and method in which one or
more object is positioned opposite to the projection optical
system to keep immersion fluid in a space between the pro-
jection optical system and the one or more objects, when
moving the wafer stage and/or wafer table away from the
projection optical system, are desirable. As a result, machine
throughput can be increased.

According to one aspect, the apparatus includes an optical
assembly that projects an image onto a substrate and a stage
assembly including a substrate table that supports the sub-
strate adjacent to the optical assembly. An environmental
system is provided to supply an immersion fluid to and
remove the immersion fluid from the space between the opti-
cal assembly and the substrate on the stage assembly. A
movable insertion member removably insertable into the
space between the optical assembly and the substrate, the
substrate table, or both, is provided to divide the immersion
fluid into a first portion and a second portion. The first portion
is disposed between the optical assembly and the insertion
member, and the second portion is disposed between the
insertion member and the substrate, the substrate table, or
both. The insertion member keeps the optical assembly in
contact with the first portion of the immersion fluid when
moving the substrate and/or the substrate table away from
being disposed adjacent to the optical assembly. An exchange
system removes the substrate from the substrate table and
replaces it with a second substrate. Because of the insertion
member, the space does not have to be fully refilled with
immersion fluid when the second substrate is positioned adja-
cent to the optical assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of an immersion lithography
machine;

FIGS. 2A and 2B are a cross section and a plan view of an
immersion lithography machine according to one embodi-
ment;

FIGS. 3A to 3D illustrate further details of the movable
insertion member of the immersion lithography machine
according the embodiment of FIGS. 2A and 2B;

FIGS. 4A and 4B are plan views of two different twin wafer
stages according to other embodiments;

FIGS. 5A and 5B illustrate a further embodiment of the
movable insertion member;

FIG. 6A is a flow chart that outlines a process for manu-
facturing a substrate; and

FIG. 6B is a flow chart that outlines substrate processing in
more detail.
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3
DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 is a schematic illustration of a lithography machine
10. The lithography machine 10 includes a frame 12, an
illumination system 14 (irradiation apparatus), an optical
assembly 16, a reticle stage assembly 18, a substrate stage
assembly 20, a measurement system 22, a control system 24,
and a fluid environmental system 26. The design of the com-
ponents of the lithography machine 10 can be varied to suit
the design requirements of the lithography machine 10.

In one embodiment, the lithography machine 10 is used to
transfer a pattern (not shown) of an integrated circuit from a
reticle 28 onto a semiconductor wafer 30 (illustrated in phan-
tom). The lithography machine 10 mounts to a mounting base
32, e.g., the ground, a base, or floor or some other supporting
structure.

In various embodiments, the lithography machine 10 can
be used as a scanning type photolithography system that
exposes the pattern from the reticle 28 onto the wafer 30 with
the reticle 28 and the wafer 30 moving synchronously. In a
scanning type lithographic machine, the reticle 28 is moved
perpendicularly to an optical axis of the optical assembly 16
by the reticle stage assembly 18, and the wafer 30 is moved
perpendicularly to the optical axis of the optical assembly 16
by the wafer stage assembly 20. Exposure occurs while the
reticle 28 and the wafer 30 are moving synchronously.

Alternatively, the lithography machine 10 can be a step-
and-repeat type photolithography system that performs expo-
sure while the reticle 28 and the wafer 30 are stationary. In the
step and repeat process, the wafer 30 is in a constant position
relative to the reticle 28 and the optical assembly 16 during
the exposure of an individual field. Subsequently, between
consecutive exposure steps, the wafer 30 is consecutively
moved with the wafer stage assembly 20 perpendicularly to
the optical axis of the optical assembly 16 so that the next field
of the wafer 30 is brought into position relative to the optical
assembly 16 and the reticle 28 for exposure. Following this
process, the image on the reticle 28 is sequentially exposed
onto the fields of the wafer 30.

However, the use of the lithography machine 10 provided
herein is not necessarily limited to a photolithography for
semiconductor manufacturing. The lithography machine 10,
for example, can be used as an LCD photolithography system
that exposes a liquid crystal display substrate pattern onto a
rectangular glass plate or a photolithography system for
manufacturing a thin film magnetic head. Accordingly, the
term “substrate” is generically used herein to refer to any
device that may be patterned using lithography, such as but
not limited to wafers or LCD substrates.

The apparatus frame 12 supports the components of the
lithography machine 10. The apparatus frame 12 illustrated in
FIG. 1 supports the reticle stage assembly 18, the wafer stage
assembly 20, the optical assembly 16 and the illumination
system 14 above the mounting base 32.

The illumination system 14 includes an illumination
source 34 and an illumination optical assembly 36. The illu-
mination source 34 emits a beam (irradiation) of light energy.
The illumination optical assembly 36 guides the beam of light
energy from the illumination source 34 to the optical assem-
bly 16. The beam illuminates selectively different portions of
the reticle 28 and exposes the wafer 30. In FIG. 1, the illumi-
nation source 34 is illustrated as being supported above the
reticle stage assembly 18. Typically, however, the illumina-
tion source 34 is secured to one of the sides of the apparatus
frame 12 and the energy beam from the illumination source
34 is directed to above the reticle stage assembly 18 with the
illumination optical assembly 36.
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The illumination source 34 can be, for example, a g-line
source (436 nm), an i-line source (365 nm), a KrF excimer
laser (248 nm), an ArF excimer laser (193 nm) or a F, laser
(157 nm). Alternatively, the illumination source 34 can gen-
erate an x-ray.

The optical assembly 16 projects and/or focuses the light
passing through the reticle 28 to the wafer 30. Depending
upon the design of the lithography machine 10, the optical
assembly 16 can magnify or reduce the image illuminated on
the reticle 28. The optical assembly 16 need not be limited to
a reduction system. It also could be a 1x or greater magnifi-
cation system.

Also, with an exposure substrate that employs vacuum
ultraviolet radiation (VUV) of wavelength 200 nm or lower,
use of a catadioptric type optical system can be considered.
Examples of a catadioptric type of optical system are dis-
closed in U.S. Pat. No. 5,668,672, as well as U.S. Pat. No.
5,835,275. In these cases, the reflecting optical system can be
a catadioptric optical system incorporating a beam splitter
and concave mirror. U.S. Pat. No. 5,689,377 as well as Euro-
pean Patent Application Publication No. EP 816892 A2 also
use a reflecting-refracting type of optical system incorporat-
ing a concave mirror, etc., but without a beam splitter, and
also can be employed with this embodiment. The disclosures
of'the above-mentioned U.S. patents, as well as the European
patent application publication are incorporated herein by ref-
erence in their entireties.

The reticle stage assembly 18 holds and positions the
reticle 28 relative to the optical assembly 16 and the wafer 30.
In one embodiment, the reticle stage assembly 18 includes a
reticle stage 38 that retains the reticle 28 and a reticle stage
mover assembly 40 that moves and positions the reticle stage
38 and reticle 28.

Each stage mover assembly 40, 44 (44 being for the sub-
strate) can move the respective stage 38, 42 with three degrees
of freedom, less than three degrees of freedom, or more than
three degrees of freedom. For example, in alternative embodi-
ments, each stage mover assembly 40, 44 can move the
respective stage 38, 42 with one, two, three, four, five or six
degrees of freedom. The reticle stage mover assembly 40 and
the substrate stage mover assembly 44 can each include one
or more movers, such as rotary motors, voice coil motors,
linear motors utilizing a Lorentz force to generate drive force,
electromagnetic movers, planar motors, or other force mov-
ers.

Inphotolithography systems, when linear motors (see U.S.
Pat. No. 5,623,853 or 5,528,118 which are incorporated by
reference herein in their entireties) are used in the wafer stage
assembly or the reticle stage assembly, the linear motors can
be either an air levitation type employing air bearings or a
magnetic levitation type using Lorentz force or reactance
force. Additionally, the stage could move along a guide, or it
could be a guideless type stage that uses no guide.

Alternatively, one of the stages could be driven by a planar
motor, which drives the stage by an electromagnetic force
generated by a magnet unit having two-dimensionally
arranged magnets and an armature coil unit having two-di-
mensionally arranged coils in facing positions. With this type
of driving system, either the magnet unit or the armature coil
unit is connected to the stage base and the other unit is
mounted on the moving plane side of the stage.

Movement of the stages as described above generates reac-
tion forces that can affect performance of the photolithogra-
phy system. Reaction forces generated by the wafer (sub-
strate) stage motion can be mechanically transferred to the
floor (ground) by use of a frame member as described in U.S.
Pat. No. 5,528,100. Additionally, reaction forces generated
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by the reticle (mask) stage motion can be mechanically trans-
ferred to the floor (ground) by use of a frame member as
described in U.S. Pat. No. 5,874,820. The disclosures of U.S.
Pat. Nos. 5,528,100 and 5,874,820 are incorporated herein by
reference in their entireties.

The measurement system 22 monitors movement of the
reticle 28 and the wafer 30 relative to the optical assembly 16
or some other reference. With this information, the control
system 24 can control the reticle stage assembly 18 to pre-
cisely position the reticle 28 and the substrate stage assembly
20 to precisely position the wafer 30. The design of the
measurement system 22 can vary. For example, the measure-
ment system 22 can utilize multiple laser interferometers,
encoders, mirrors, and/or other measuring devices.

The control system 24 receives information from the mea-
surement system 22 and controls the stage assemblies 18, 20
to precisely position the reticle 28 and the wafer 30. Addi-
tionally, the control system 24 can control the operation of the
components of the environmental system 26. The control
system 24 can include one or more processors and circuits.

The environmental system 26 controls the environment in
a space (not shown) between the optical assembly 16 and the
wafer 30. The space includes an imaging field. The imaging
field includes the area adjacent to the region of the water 30
that is being exposed and the area in which the beam of light
energy travels between the optical assembly 16 and the wafer
30. With this design, the environmental system 26 can control
the environment in the imaging field. The desired environ-
ment created and/or controlled in the space by the environ-
mental system 26 can vary accordingly to the wafer 30 and the
design of the rest of the components of the lithography
machine 10, including the illumination system 14. For
example, the desired controlled environment can be a liquid
such as water. Alternatively, the desired controlled environ-
ment can be another type of fluid such as a gas. In various
embodiments, the space may range from 0.1 mm to 10 mm in
height between top surface of the wafer 30 and the last optical
element of the optical assembly 16.

In one embodiment, the environmental system 26 fills the
imaging field and the rest of the space with an immersion
fluid. The design of the environmental system 26 and the
components of the environmental system 26 can be varied. In
different embodiments, the environmental system 26 delivers
and/or injects immersion fluid into the space using spray
nozzles, electro-kinetic sponges, porous materials, etc. and
removes the fluid from the space using vacuum pumps,
sponges, and the like. The environmental system 26 confines
the immersion fluid in the space below the optical assembly
16. The environmental system 26 forms part of the boundary
of'the space between the optical assembly 16 and one or more
objects, for example the wafer 30, the wafer stage assembly
20, or both. The immersion fluid confined by the environmen-
tal system 26 covers a localized area on a surface of the wafer
30, the wafer stage assembly 20, or both. The design of the
environmental system 26 can vary. For example, it can inject
the immersion fluid at one or more locations at or near the
space. Further, the immersion fluid system can assist in
removing and/or scavenging the immersion fluid at one or
more locations at or near the wafer 30, the space and/or the
edge of the optical assembly 16. For additional details on
various environmental systems, see, for example, U.S. 2007/
0046910 A1, U.8. 2006/0152697 A1, U.S. 2006/0023182 A1
and U.S. 2006/0023184 Al, the disclosures of which are
incorporated herein by reference in their entireties.

Referring to FIGS. 2A and 2B, a cross section and a plan
(overhead) view of an immersion lithography machine illus-
trating one embodiment are shown. The lithography machine
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200 includes an optical assembly 16 and a stage assembly 202
that includes a wafer table 204 and a wafer stage 206. The
wafer table 204 is configured to support a wafer 208 (or any
other type of substrate) under the optical assembly 16. An
environmental system 26, surrounding the optical assembly
16, is used to supply and remove immersion fluid 212 from
the space between the wafer 208 and the lower most optical
element of the optical assembly 16. A substrate exchange
system 216, including a wafer loader 218 (i.e., arobot) and an
alignment tool 220 (for example, a microscope and CCD
camera), is configured to remove the wafer 208 on the wafer
table 204 and replace it with a second wafer. This is typically
accomplished using the wafer loader 218 to remove the wafer
208 from the wafer table 204. Subsequently, the second wafer
(not shown) is placed onto the wafer loader 218, aligned using
the alignment tool 220, and then positioned under the optical
assembly 16 onthe wafer table 204. As best illustrated in FIG.
2B, a set of motors 222 are used to move the wafer assembly
202 including the wafer table 204 and wafer stage 206 inup to
six degrees of freedom (X, Y, Z, 6, 6, 6,) during operation.
As noted above, the motors 222 can be any type of motors,
such as linear motors, rotary motors, voice coil motors, etc.

The immersion lithography machine 200 also includes an
insertion member positioning system 224 that is configured to
maintain some of the immersion fluid 212 in a space below
the optical assembly 16 while the wafer table 204 is away
from under the optical assembly 16 (e.g., during wafer
exchange, alignment and long fast moves of the substrate
away from the optical system). The insertion member posi-
tioning system 224 includes a movable insertion member
226, a motor 228, and a control system 230. The movable
insertion member 226 is movable into the space between the
wafer 208, the wafer table 204, or both, and the lower most
optical element of the optical assembly 16, so as to be posi-
tioned adjacent to and between the optical assembly 16 and a
wafer 208 on the wafer table 204. Specifically, the movable
insertion member 226 is movable into the space between the
wafer 208, the wafer table 204, or both, and the lower end
portion of the environmental system 26, so as to keep the
immersion fluid 212 in the space between the movable inser-
tion member 226 and the optical assembly 16. In this position,
as will be discussed below, the movable insertion member
226 causes a portion of the immersion liquid 212 to be trapped
between the optical assembly 16 and the insertion member
226. The movable insertion member 226 also is removable
from (i.e., out of) the space between the wafer 208 and the
lower most optical element of the optical assembly 16. Thus,
in the embodiment of FIGS. 2A and 2B, after the movable
insertion member 226 is inserted into the space between the
wafer 208 and the lower most optical element of the optical
assembly 16, the movable insertion member 226 is not
released from the motor 228 by the control system 230. That
is, the movable insertion member 226 remains attached to the
motor 228 (i.e., held by the control system 230) in the position
adjacent to and between the optical assembly 16 and a wafer
208 on the wafer table 204. The movable insertion member
226 is held adjacent to the projection system 16 without
contacting the projection system 16 after the movable inser-
tion member 226 is moved into the space between the pro-
jection system 16 and the substrate wafer 208. The movable
insertion member 226 is movable in up to six degrees of
freedom directions using one or more motors 228, which are
controlled by the control system 230. The motor 228 can be
any type of motor. The movable insertion member 226 is
positioned under (adjacent to) the optical assembly 16 before
the wafer table 204 (the wafer stage 206) and the held wafer
is moved away from being under the optical assembly 16.



US 9,217,933 B2

7

FIGS. 3A to 3D illustrate an example of how the movable
insertion member 226 keeps the optical assembly 16 in con-
tact with at least a portion of the immersion liquid 212. As
shown in FIG. 3A, immersion liquid 212 is continuously
supplied to the immersion fluid element (liquid confinement
member) 310 of the environmental system 26 around the last
optical element of the optical assembly 16, and is continu-
ously recovered through the recovery element 320, which
may be a porous media vacuum, etc., of the environmental
system 26. The recovery element 320 (porous media) is pro-
vided at the lower surface of the immersion fluid element 310.
In FIG. 3 A, the wafer 208 is opposite to the optical assembly
16 and the immersion fluid element 310 (and the recovery
element 320). Further, the wafer table 204 or both the wafer
208 and the wafer table 204 may be positioned under the
optical assembly 16 and the immersion fluid element 310
(and the recovery element 320). At this time, the movable
insertion member 226 is disposed outside of the space
between the optical assembly 16 and the wafer 208. Before a
wafer exchange, during which the wafer table 204 moves
away from the optical assembly 16, the immersion liquid 212
should be removed from the wafer stage 206. Accordingly,
the control system 230 directs the motor 228 to move the
movable insertion member 226 into the space between the
wafer 208 and the lower most optical element of the optical
assembly 16. Specifically, the movable insertion member 226
is moved into the space between the wafer 208 and the lower
end ofthe immersion fluid element 310. As shown in FIG. 3B,
the movable insertion member 226 divides the immersion
liquid 212 in the space into a first portion between the optical
assembly 16 and the insertion member 226, and a second
portion between the insertion member 226 and the wafer 208.
Thus, the movable insertion member 226 keeps the optical
assembly 16 in contact with the first portion of the immersion
liquid 212 when the watfer 208 is moved away (via movement
of the wafer stage 206) from being disposed adjacent to the
optical assembly 16. In FIG. 3B, the first portion includes the
space between the wafer 208 and the immersion fluid element
310. By moving the wafer 208, as shown in FIG. 3C, the
immersion liquid 212 under the movable insertion member
226 can be removed through the porous media 320 of the
immersion fluid element 310. When moving the wafer 208,
the liquid 212 may be removed from a recovery outlet (not
shown) provided on the wafer table 204 and/or a recovery
outlet (not shown) provided on the back surface and/or the
side surface of the moveable insertion member 226. After all
the immersion liquid 212 is recovered from the wafer 208,
shown in FIG. 3D, the wafer stage 206 can move long dis-
tances at maximum speed without having liquid escaping
from the immersion fluid element 310. In addition, because
no liquid is left on the wafer 208 or wafer stage 206, no liquid
will be scattered due to the movement of the wafer stage 206.
Processes like wafer alignment and wafer 208 unload/ex-
change can be performed at this time. After the new wafer has
been aligned using one or more alignment tools 220, the
wafer table 204 is repositioned under the optical assembly 16.
Preferably, the wafer table 204 is positioned under the mov-
able insertion member 226. The control system 230 then
directs the motor 228 to retract the movable insertion member
226 from the space, preventing the escape of the immersion
liquid 212 from adjacent the optical assembly 16, and to move
the movable insertion member 226 to the position outside the
space as shown in FIG. 3A. As a result, the space between the
new wafer and the optical assembly 16 is filled with the
immersion liquid 212. Exposure is then performed. In this
manner, the insertion member positioning system 224 main-
tains the immersion liquid 212 adjacent to the lower most
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element of the optical assembly 16 during wafer exchange
and during long fast moves of the substrate away from the
optical assembly.

In various embodiments, the control system 230 may be a
separate control system or it can be integrated into the control
system used to control the exposure apparatus. Vertical posi-
tion and/or tilt of at least one of the wafer table 204 and the
movable insertion member 226 may be adjusted as needed
before, during or after the wafer table 204 is moved out from
under the optical assembly 16. The operation that is per-
formed when the wafer table 204 is away from the optical
assembly 16 is not limited to a wafer exchange operation. For
example, an alignment operation, a measurement operation
or other operations that involve long fast moves of the sub-
strate or the wafer table may be executed while maintaining
the immersion liquid 212 in the space between the movable
insertion member 226 and the optical assembly 16.

FIGS. 4A and 4B are plan views of two different twin stage
immersion lithography systems according to other embodi-
ments. For the basic structure and operation of the twin stage
lithography systems, see U.S. Pat. No. 6,262,796 and U.S.
Pat. No. 6,341,007. The disclosures of U.S. Pat. No. 6,262,
796 and U.S. Pat. No. 6,341,007 are incorporated herein by
reference in their entireties. In both embodiments, a pair of
wafer stages WS1 and WS2 are shown. Motors 502 are used
to move or position the two stages WS1 and WS2 in the
horizontal direction (in the drawings), whereas motors 504
are used to move or position the stages WS1 and WS2 in the
vertical direction (in the drawings). The motors 502 and 504
are used to alternatively position one stage under the optical
assembly 16 while a wafer exchange and alignment is per-
formed on the other stage. When the exposure of the wafer
under the optical assembly 16 is complete, then the two stages
are swapped and the above process is repeated. With either
configuration, the various embodiments for maintaining
immersion liquid in the space under the optical assembly 16
as described and illustrated above with regard to FIGS. 2A
through 3B, can be used with either twin stage arrangement.
With regard to the embodiment of FIGS. 2A and 2B for
example, a single movable insertion member 226, motor 228,
and control system 230 could be used adjacent to the optical
assembly 16. The movable insertion member 226 is movable
separately from the stages WS1 and WS2. When stages WS1
and WS2 are to be swapped, the movable insertion member
226 is moved into the space between the optical assembly 16
and the wafer 208 to maintain the immersion liquid 212 below
the optical assembly 16. During a transition from a first state
in which one of the stages WS1 and WS2 is positioned under
the optical assembly 16 to a second state in which the other of
the stages WS1 and WS2 is positioned under the optical
assembly 16, the movable insertion member 226 is positioned
under the optical assembly 16 and the space between the
optical assembly 16 and the movable insertion member 226 is
filled with the immersion liquid 212.

In the various embodiments described above, the movable
insertion member can be made of a number of different mate-
rials, such as ceramic, metal and plastic. Because the movable
insertion member is relatively thin and should not be
deformed under a load or during an operation, it is preferable
that the materials have a high stiffness that is resistant to
deformation. The moveable insertion member may have a
thickness of 50 microns to 5 mm. Preferably, the thickness
ranges from 50 microns to 200 microns. These materials also
may be coated with Teflon according to other embodiments.
The size of the movable insertion member also should be
sufficient to cover the area occupied by the immersion liquid.
In the various embodiments described above, the surface of
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the last optical element of the optical assembly 16 is con-
stantly under immersion fluid environment, preventing the
formation of a fluid mark (e.g. “a water mark™). In addition,
the insertion member is moved, for example, by a robot arm
or other actuator.

In some embodiments, the top surface (facing the optical
assembly 16) and the bottom surface (facing the wafer 208) of
the movable insertion member 226 neither repel nor attract
liquid. In other embodiments, the top surface of the movable
insertion member 226 attracts liquid (e.g., is hydrophilic) and
the bottom surface of the movable insertion member 226
repels liquid (e.g., is hydrophobic). In a further embodiment,
shown in FIGS. 5A and 5B, the bottom surface of the movable
insertion member 226 is hydrophobic, and a hydrophobic
bead 501 (not shown to scale) is provided around the perim-
eter of the top surface of the movable insertion member 226.
The top surface of the movable insertion member 226 inside
the hydrophobic bead 501 is hydrophilic.

Semiconductor wafers can be fabricated using the above
described systems, by the process shown generally in FIG.
6A. In step 601 the substrate’s function and performance
characteristics are designed. Next, in step 602, a mask
(reticle) having a pattern is designed according to the previ-
ous designing step, and in a parallel step 603 a wafer is made
from a silicon material. The mask pattern designed in step 602
is exposed onto the wafer from step 603 in step 604 by a
photolithography system described hereinabove. In step 605
the semiconductor substrate is assembled (including the dic-
ing process, bonding process and packaging process).
Finally, the substrate is then inspected in step 606.

FIG. 6B illustrates a detailed flowchart example of the
above-mentioned step 504 in the case of fabricating semicon-
ductor substrates. In FIG. 6B, in step 611 (oxidation step), the
wafer surface is oxidized. In step 612 (CVD step), an insula-
tion film is formed on the wafer surface. In step 613 (electrode
formation step), electrodes are formed on the wafer by vapor
deposition. In step 614 (ion implantation step), ions are
implanted in the wafer. The above mentioned steps 611-614
form the preprocessing steps for wafers during wafer process-
ing, and selection is made at each step according to process-
ing requirements.

At each stage of wafer processing, when the above-men-
tioned preprocessing steps have been completed, the follow-
ing post-processing steps are implemented. During post-pro-
cessing, first, in step 615 (photoresist formation step),
photoresist is applied to a wafer. Next, in step 616 (exposure
step), the above-mentioned exposure substrate is used to
transfer the circuit pattern of a mask (reticle) to a wafer. Then
in step 617 (developing step), the exposed wafer is developed,
and in step 618 (etching step), parts other than residual pho-
toresist (exposed material surface) are removed by etching. In
step 619 (photoresist removal step), unnecessary photoresist
remaining after etching is removed.

Multiple circuit patterns are formed by repetition of these
preprocessing and post-processing steps.

While the particular lithography machines as shown and
disclosed herein are fully capable of obtaining the objects and
providing the advantages herein before stated, it is to be
understood that they are merely illustrative embodiments of
the invention, and that the invention is not limited to these
embodiments.

What is claimed is:

1. A lithographic projection apparatus comprising:

a projection optical assembly having a final optical ele-

ment;

a stage assembly including a substrate table on which a

substrate is supported, the substrate supported by the
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substrate table being exposed with an exposure beam
from the final optical element of the projection optical
assembly through an immersion liquid;

a confinement member which encircles a portion of a path
of the exposure beam, the confinement member having
an aperture through which the exposure beam is pro-
jected; and

a movable member which is movable in a space between
the confinement member and the substrate, the substrate
table, or both, a first portion of the space located between
a first surface of the movable member and the confine-
ment member, and a second portion of the space located
between a second surface of the movable member and
the substrate, the substrate table, or both,

wherein a vertical position and a tilt of the movable mem-
ber are adjustable relative to the confinement member.

2. A lithographic projection apparatus comprising:

a projection optical assembly having a final optical ele-
ment;

a stage assembly including a substrate table on which a
substrate is supported, the substrate supported by the
substrate table being exposed with an exposure beam
from the final optical element of the projection optical
assembly through an immersion liquid;

a confinement member which encircles a portion of a path
of the exposure beam, the confinement member having
an aperture through which the exposure beam is pro-
jected, the confinement member having a lower surface
that surrounds the aperture, the lower surface of the
confinement member extending between an inner edge
and an outer edge, the inner edge of the lower surface
defining the aperture; and

a movable member which is movable in a space between
the confinement member and the substrate, the substrate
table, or both, a first portion of the space located between
a first surface of the movable member and the confine-
ment member, and a second portion of the space located
between a second surface of the movable member and
the substrate, the substrate table, or both,

wherein the movable member is movable to a position in
which a portion of the first surface of the movable mem-
ber is located farther from an optical axis of the projec-
tion optical assembly than is the outer edge of the lower
surface of the confinement member, and

wherein a vertical position and a tilt of the movable mem-
ber are adjustable relative to the confinement member.

3. A lithographic projection apparatus comprising:

a projection optical assembly having a final optical ele-
ment;

a stage assembly including a substrate table on which a
substrate is supported, the substrate supported by the
substrate table being exposed with an exposure beam
from the final optical element of the projection optical
assembly through an immersion liquid;

a confinement member which encircles a portion of a path
of the exposure beam, the confinement member having
an aperture through which the exposure beam is pro-
jected, the confinement member having a lower surface
that surrounds the aperture, the lower surface of the
confinement member extending between an inner edge
and an outer edge, the inner edge of the lower surface
defining the aperture; and

a movable member which is movable in a space between
the confinement member and the substrate, the substrate
table, or both, a first portion of the space located between
a first surface of the movable member and the confine-
ment member, and a second portion of the space located
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between a second surface of the movable member and
the substrate, the substrate table, or both,

wherein the movable member is movable to a position in

which a portion of the second surface of the movable
member is located farther from an optical axis of the
projection optical assembly than is the outer edge of the
lower surface of the confinement member, and
wherein a vertical position and a tilt of the movable mem-
ber are adjustable relative to the confinement member.

4. The lithographic projection apparatus according to claim
1, wherein the confinement member is located above the
substrate table.

5. The lithographic projection apparatus according to claim
1, wherein the confinement member supplies the immersion
liquid.

6. The lithographic projection apparatus according to claim
1, wherein the confinement member confines the immersion
liquid to cover a localized area that is smaller than an area of
an upper surface of the substrate.

7. The lithographic projection apparatus according to claim
1, wherein the confinement member encircles the final optical
element of the projection optical assembly.

8. The lithographic projection apparatus according to claim
7, wherein the confinement member is spaced from the stage
assembly.

9. The lithographic projection apparatus according to claim
1, wherein the confinement member is spaced from the stage
assembly.

10. The lithographic projection apparatus according to
claim 1, wherein the first surface of the movable member is
hydrophilic.

11. The lithographic projection apparatus according to
claim 1, wherein the second surface of the movable member
includes a fluoric material.

12. The lithographic projection apparatus according to
claim 1, wherein the second surface of the movable member
is hydrophobic with regard to the immersion liquid.

13. The lithographic projection apparatus according to
claim 1, wherein the movable member has a thickness of 50
microns to 5 mm.

14. The lithographic projection apparatus according to
claim 1, wherein the movable member has a thickness of 50
microns to 200 microns.

15. The lithographic projection apparatus according to
claim 1, wherein the confinement member includes a porous
member through which the immersion liquid is recovered
during exposure of the substrate with the exposure beam.

16. The lithographic projection apparatus according to
claim 15, wherein the confinement member supplies the
immersion liquid.

17. The lithographic projection apparatus according to
claim 1, wherein the confinement member includes a recov-
ery outlet through which the immersion liquid is recovered
during exposure of the substrate with the exposure beam.

18. The lithographic projection apparatus according to
claim 17, wherein the confinement member supplies the
immersion liquid.

19. A device manufacturing method in which a substrate is
exposed with an exposure beam from a final optical element
of a projection optical assembly and through an immersion
liquid while the substrate is supported by a substrate table of
a stage assembly, a confinement member encircling a portion
of a path of the exposure beam and the confinement member
having an aperture through which the exposure beam is pro-
jected, the method comprising:

moving a movable member in a space between the confine-

ment member and the substrate, the substrate table, or
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both, such that the space is divided into a first portion
located between the confinement member and a first
surface of the movable member, and into a second por-
tion located between a second surface of the movable
member and the substrate, the substrate table, or both,
wherein a vertical position and a tilt of the movable mem-
ber are adjustable relative to the confinement member.

20. The method according to claim 19, wherein the con-
finement member is located above the substrate table.

21. The method according to claim 19, wherein the mov-
able member is not present in the space while the substrate is
exposed with the exposure beam.

22. The method according to claim 19, wherein the mov-
able member is moved into the space to divide the space into
the first and second portions after the substrate has been
exposed with the exposure beam.

23. The method according to claim 19, wherein the con-
finement member supplies the immersion liquid.

24. The method according to claim 19, wherein the con-
finement member confines the immersion liquid to cover a
localized area that is smaller than an area of an upper surface
of the substrate.

25. The method according to claim 19, wherein the con-
finement member encircles the final optical element of the
projection optical assembly.

26. The method according to claim 25, wherein the con-
finement member is spaced from the stage assembly.

27. The method according to claim 19, wherein the con-
finement member is spaced from the stage assembly.

28. The method according to claim 19, wherein the first
surface of the movable member is hydrophilic.

29. The method according to claim 19, wherein the second
surface of the movable member includes a fluoric material.

30. The method according to claim 19, wherein the second
surface of the movable member is hydrophobic with regard to
the immersion liquid.

31. The method according to claim 19, wherein the con-
finement member includes a porous member through which
the immersion liquid is recovered during exposure of the
substrate with the exposure beam.

32. The method according to claim 31, wherein the con-
finement member supplies the immersion liquid.

33. The method according to claim 19, wherein the con-
finement member includes a recovery outlet through which
the immersion liquid is recovered during exposure of the
substrate with the exposure beam.

34. The method according to claim 33, wherein the con-
finement member supplies the immersion liquid.

35. The lithographic projection apparatus according to
claim 2, wherein the confinement member is located above
the substrate table.

36. The lithographic projection apparatus according to
claim 2, wherein the confinement member supplies the
immersion liquid.

37. The lithographic projection apparatus according to
claim 2, wherein the confinement member confines the
immersion liquid to cover a localized area that is smaller than
an area of an upper surface of the substrate.

38. The lithographic projection apparatus according to
claim 2, wherein the confinement member encircles the final
optical element of the projection optical assembly.

39. The lithographic projection apparatus according to
claim 38, wherein the confinement member is spaced from
the stage assembly.

40. The lithographic projection apparatus according to
claim 2, wherein the confinement member is spaced from the
stage assembly.
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41. The lithographic projection apparatus according to
claim 2, wherein the first surface of the movable member is
hydrophilic.
42. The lithographic projection apparatus according to
claim 2, wherein the second surface of the movable member
includes a fluoric material.
43. The lithographic projection apparatus according to
claim 2, wherein the second surface of the movable member
is hydrophobic with regard to the immersion liquid.
44. The lithographic projection apparatus according to
claim 2, wherein the movable member has a thickness of 50
microns to 5 mm.
45. The lithographic projection apparatus according to
claim 2, wherein the movable member has a thickness of 50
microns to 200 microns.
46. The lithographic projection apparatus according to
claim 2, wherein the confinement member includes a porous
member through which the immersion liquid is recovered
during exposure of the substrate with the exposure beam.
47. The lithographic projection apparatus according to
claim 46, wherein the confinement member supplies the
immersion liquid.
48. The lithographic projection apparatus according to
claim 2, wherein the confinement member includes a recov-
ery outlet through which the immersion liquid is recovered
during exposure of the substrate with the exposure beam.
49. The lithographic projection apparatus according to
claim 48, wherein the confinement member supplies the
immersion liquid.
50. A device manufacturing method in which a substrate is
exposed with an exposure beam from a final optical element
of a projection optical assembly and through an immersion
liquid while the substrate is supported by a substrate table of
a stage assembly, a confinement member encircling a portion
of a path of the exposure beam and the confinement member
having an aperture through which the exposure beam is pro-
jected, the confinement member having a lower surface that
surrounds the aperture, the lower surface of the confinement
member extending between an inner edge and an outer edge,
the inner edge of the lower surface defining the aperture, the
method comprising:
moving a movable member in a space between the confine-
ment member and the substrate, the substrate table, or
both, such that the space is divided into a first portion
located between the confinement member and a first
surface of the movable member, and into a second por-
tion located between a second surface of the movable
member and the substrate, the substrate table, or both,

wherein the movable member is moved to a position in
which a portion of the first surface of the movable mem-
ber is located farther from an optical axis of the projec-
tion optical assembly than is the outer edge of the lower
surface of the confinement member, and

wherein a vertical position and a tilt of the movable mem-

ber are adjustable relative to the confinement member.

51. The method according to claim 50, wherein the con-
finement member is located above the substrate table.

52. The method according to claim 50, wherein the mov-
able member is not present in the space while the substrate is
exposed with the exposure beam.

53. The method according to claim 50, wherein the mov-
able member is moved into the space to divide the space into
the first and second portions after the substrate has been
exposed with the exposure beam.

54. The method according to claim 50, wherein the con-
finement member supplies the immersion liquid.
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55. The method according to claim 50, wherein the con-
finement member confines the immersion liquid to cover a
localized area that is smaller than an area of an upper surface
of the substrate.

56. The method according to claim 50, wherein the con-
finement member encircles the final optical element of the
projection optical assembly.

57. The method according to claim 56, wherein the con-
finement member is spaced from the stage assembly.

58. The method according to claim 50, wherein the con-
finement member is spaced from the stage assembly.

59. The method according to claim 50, wherein the first
surface of the movable member is hydrophilic.

60. The method according to claim 50, wherein the second
surface of the movable member includes a fluoric material.

61. The method according to claim 50, wherein the second
surface of the movable member is hydrophobic with regard to
the immersion liquid.

62. The method according to claim 50, wherein the con-
finement member includes a porous member through which
the immersion liquid is recovered during exposure of the
substrate with the exposure beam.

63. The method according to claim 62, wherein the con-
finement member supplies the immersion liquid.

64. The method according to claim 50, wherein the con-
finement member includes a recovery outlet through which
the immersion liquid is recovered during exposure of the
substrate with the exposure beam.

65. The method according to claim 64, wherein the con-
finement member supplies the immersion liquid.

66. The lithographic projection apparatus according to
claim 3, wherein the confinement member is located above
the substrate table.

67. The lithographic projection apparatus according to
claim 3, wherein the confinement member supplies the
immersion liquid.

68. The lithographic projection apparatus according to
claim 3, wherein the confinement member confines the
immersion liquid to cover a localized area that is smaller than
an area of an upper surface of the substrate.

69. The lithographic projection apparatus according to
claim 3, wherein the confinement member encircles the final
optical element of the projection optical assembly.

70. The lithographic projection apparatus according to
claim 69, wherein the confinement member is spaced from
the stage assembly.

71. The lithographic projection apparatus according to
claim 3, wherein the confinement member is spaced from the
stage assembly.

72. The lithographic projection apparatus according to
claim 3, wherein the first surface of the movable member is
hydrophilic.

73. The lithographic projection apparatus according to
claim 3, wherein the second surface of the movable member
includes a fluoric material.

74. The lithographic projection apparatus according to
claim 3, wherein the second surface of the movable member
is hydrophobic with regard to the immersion liquid.

75. The lithographic projection apparatus according to
claim 3, wherein the movable member has a thickness of 50
microns to 5 mm.

76. The lithographic projection apparatus according to
claim 3, wherein the movable member has a thickness of 50
microns to 200 microns.

77. The lithographic projection apparatus according to
claim 3, wherein the confinement member includes a porous
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member through which the immersion liquid is recovered
during exposure of the substrate with the exposure beam.

78. The lithographic projection apparatus according to
claim 77, wherein the confinement member supplies the
immersion liquid.

79. The lithographic projection apparatus according to
claim 3, wherein the confinement member includes a recov-
ery outlet through which the immersion liquid is recovered
during exposure of the substrate with the exposure beam.

80. The lithographic projection apparatus according to
claim 79, wherein the confinement member supplies the
immersion liquid.

81. A device manufacturing method in which a substrate is
exposed with an exposure beam from a final optical element
of a projection optical assembly and through an immersion
liquid while the substrate is supported by a substrate table of
a stage assembly, a confinement member encircling a portion
of a path of the exposure beam and the confinement member
having an aperture through which the exposure beam is pro-
jected, the confinement member having a lower surface that
surrounds the aperture, the lower surface of the confinement
member extending between an inner edge and an outer edge,
the inner edge of the lower surface defining the aperture, the
method comprising:

moving a movable member in a space between the confine-

ment member and the substrate, the substrate table, or
both, such that the space is divided into a first portion
located between the confinement member and a first
surface of the movable member, and into a second por-
tion located between a second surface of the movable
member and the substrate, the substrate table, or both,
wherein the movable member is moved to a position in
which a portion of the second surface of the movable
member is located farther from an optical axis of the
projection optical assembly than is the outer edge of the
lower surface of the confinement member, and
wherein a vertical position and a tilt of the movable mem-
ber are adjustable relative to the confinement member.

82. The method according to claim 81, wherein the con-

finement member is located above the substrate table.
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83. The method according to claim 81, wherein the mov-
able member is not present in the space while the substrate is
exposed with the exposure beam.

84. The method according to claim 81, wherein the mov-
able member is moved into the space to divide the space into
the first and second portions after the substrate has been
exposed with the exposure beam.

85. The method according to claim 81, wherein the con-
finement member supplies the immersion liquid.

86. The method according to claim 81, wherein the con-
finement member confines the immersion liquid to cover a
localized area that is smaller than an area of an upper surface
of the substrate.

87. The method according to claim 81, wherein the con-
finement member encircles the final optical element of the
projection optical assembly.

88. The method according to claim 87, wherein the con-
finement member is spaced from the stage assembly.

89. The method according to claim 81, wherein the con-
finement member is spaced from the stage assembly.

90. The method according to claim 81, wherein the first
surface of the movable member is hydrophilic.

91. The method according to claim 81, wherein the second
surface of the movable member includes a fluoric material.

92. The method according to claim 81, wherein the second
surface of the movable member is hydrophobic with regard to
the immersion liquid.

93. The method according to claim 81, wherein the con-
finement member includes a porous member through which
the immersion liquid is recovered during exposure of the
substrate with the exposure beam.

94. The method according to claim 93, wherein the con-
finement member supplies the immersion liquid.

95. The method according to claim 81, wherein the con-
finement member includes a recovery outlet through which
the immersion liquid is recovered during exposure of the
substrate with the exposure beam.

96. The method according to claim 95, wherein the con-
finement member supplies the immersion liquid.
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